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=smi Fermi Gamma-ray Space Telescope

y
/ Space Telescope
\)

 Fermi = LAT + GBM

 LAT = “GeV” Gamma-ray Space Telescope
(20 MeV ~ >300 GeV )

Fermi two-year all-sky map

ape Canaveral, 1873 sources

Florida Abdo+, ApJS submitted
T Mizuno et al. arXiv:1108.1435 2727
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«oni Fermi-LAT Performance

lamma-ray
/Sp ce Telescope

* New Dataset and Response (Pass7)

— Improved Aeff in low Energy

— In-orbit calibration of PSF
http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm

P7SOURCE_VS6 effective area (normal incidence) P7SOURCE_V6 Point Spread Function {normal incidence)
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1 year Integral Sensitivity (>10GeV): ~0.05 Crab (Atwood+09)
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* Publications by Fermi-LAT members
(Cat I+II+III, as of mid-Sep. 2011)
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# per 3 month

T. Mizuno et al.
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h’r’rp.//www—glas'r.s'ranfor'd.edu/cgl—bm/pubpub

~200 papers already
published

6-7 papers/month

L)
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@gm 2FGL: Second Source Catalog

« 1873 sources (~4c significance)
127 firm identifications and 1170 reliable associations

576 unassociated with known y-ray source class
please pay attention to flags (e.g., 126 possibly confused
with diffuse emission) ____————F—=—

Abdo+, ApJS submittec

Preliminary

arXiv:1108.1435

o No association o Possible association with SNR or PWN
<~ AGN  Pulsar & Globular cluster
+ Starburst Gal & PWN = HMB

T. Mizuno et al. + Galaxy > SNR + Nova

5/27
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«ani Kifune Plot

lamma-ray
/ Space Telescope
\)

« # of sources exponentially increases in GeV
* Future: 1000 sources in TeV by CTA!?
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=ami SOUrce Classes in 2FGL

\/Sp TI p

- # of known blazars and pulsars continue to grow

« 12 spatially extended sources (LMC/SMC, SNR and
PWN)

What has Fermi found: The LAT two-year catalog

@Jt‘ SNR
Pulsars 4% GC, HMB,
6% ~  normal gal. etc.

Non-blazar 1%
AGN 1%

Unknown \ Blazars

31% 57 %

>=50% are blazars

Credit: NASA/Goddard Space Flight Center

T. Mizuno et al. 7/27



~ Fermi_CTAmeeting_2011-09.ppt

<=ami SouUrce Classes in Fermi-LAT Publications

S aceT eeeeeee
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* Publications by Fermi-LAT members
(Cat I+II+III, as of mid-Sep. 2011)

R R R
Solar ~ Well balanced

DMNP it of papel“S

Catalog  A6N~Galactic

» lefuse~GRB~DMNP
AGN ,i,,..i....iunlli""i""i""i""

0 10 20 30 40 50 60 70 80

http://www-glast.stanford.edu/cgi-bin/pubpub

T. Mizuno et al. 8/27



/0

S aceT eeeeeee
‘/ P p

* Publications by Fermi-LAT members

Fermi_CTAmeeting_2011-09.ppt

<=ami SouUrce Classes in Fermi-LAT Publications

(Cat I+II+III, as of mid-Sep. 2011)

Solar

GRE

covered by
this talk

Galactic
Diffuse
DMNP
Catalog
C&A

AGNM

T. Mizuno et al.

WeII balanced

# c;f pap;ars
~ AG6N~Galactic
lefuse~GRB~DMNP

0

20 30 40 50 60 70

http://www-glast.stanford.edu/cgi-bin/pubpub
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<sami Diffuse Emission Seen by LAT

Gam y
Space Telescope
‘/ P P!

* Local diffuse emission is compatible with

directly measured CRs

- “dark gas” is confirmed by
Fermi-LAT data

- More CRs than expected in -
outer Galaxy s

-

Abdo+10, ApJ 710, 133 =
Ackermann+11, ApJ 726, 81 =

* Freshly-accelerated CRs in
Cygnus region

1072

CDI
s

107

me%

0 <[<360 10 <Ibl<20

X
IC ¥
~— Bremsstrahlung
[ZA Total {3

10°

PR | M A M P PR
10° 10*
E, (MeV)

Abdo+09, PRL 103, 251101

T. Mizuno et al.

(CA: Johannesson, Porter, S'rr'on1%)
/27
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Lot The Cygnus Region (MILAGRO)

Gamma-ra y

/Sp ce Telescope

* Very rich region of massive-star formation at 1.4 kpc

« Two sources + diffuse emission at TeV (MILAGRO)

— correlation with matter density
— diffuse flux exceeds the prediction by local CR

g T 1 0‘1 =

|| EGRET

EdN/dE , erif sr's” MeV
=

0\ sk

Galactic Latitude (deg)
(=]

cIII|III|III|II|"III|III|

' . ] i L
[ |e—— | R, | 10
85 80 75 70 65 10 10

Galactic Longitude (deg) Abd0+o7, APJL 658, 33
T. Mizuno et al. Abdo+08, ApJ 688, 1078 1/27
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Galactic Latitude (deg)
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~Lm The Cygnus Region (VERITAS)

Very rich region of massive-star formation at 1.4 kpc

Cyg OB1 association seen by VERITAS
— CTB87 resolved

— plus complex region, likely powered by multiple sources
(6ood PSF is essential)

-

VERITAS

MGR____J%B”I +41

Significance

MGRO J2019+37 )
7 Aliu+11

ﬂIII|III|III|II.|III|III|

‘|.|'-||||||||||||||||
6

85 80 75

Galactic Longitude (d ° (ICRC2011)
alactic Longitude (deg) Abdo+O7, APJL 658, 33

T. Mizuno et al. Abdo+08, ApJ 688, 1078 12/27
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* Very rich region of massive-star formation at 1.4 kpc
* Detailed study by Fermi-LAT

— GeV diffuse (on average) consistent with local CR spectrum,
despite the conspicuous star formation activity

101 Total > 10 GeV 10

;- MGRO J2031+41 1
- | (6amma-ray Image) e .
5 0
(o) %’ Ef ]
4] T B £
. D4 5 o g
© g L. | . 1
-5 - 1 . ﬁz/‘\—n
5
i - I MGRO J2019+37 *
Preliminary =3 : f o,
_'I D - _1%: | “| |. i | ! (O NP, S|
0 85 80 75 70 65
Galactic Longitude (deg)

' ' — Ackermann+11 submitted
. mizrlou: (deg) 85 80 75 (CA: Tibaldo, Grenier) 13/27
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=i The Cygnus Region (Fermi)

* Very rich region of massive-star formation at 1.4 kpc

 Known sources and diffuse gammas subtracted
— Extended hard (>10 GeV) excess revealed in OB2 association
— Spatial relation with infrared suggests the interstellar origin

point sources, y Cygni 10
and diffuse emission
removed

(6amma-ray Image)

Galactic Latitude (deg)
Significance

Preliminary

Galggtic Longitude.-?(zeg)
' y = Ackermann+11 submitted
™. miz&low (deg) 85 80 75 (CA: Tibaldo, Grenier) 14727
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<-emi ENnergy Spectrum

lamima-r.
/ Space Telesco pe
\)

 CRs with local spectrum are too weak or too soft

* Hard, freshly accelerated CRs are required
— E-24 (hadron) or E-27 (lepton)
— their origin and propagation to be studied by GeV/TeV obs.
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~
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=anmi Starburst Galaxies

lamma-ray
/ Space Telescope
\)

* High gas density and star-formation rate

* Detected by H.E.S.S. (NGC 253) and VERITAS (M82)
in TeV

M82 (VERITAS) NGC253 (H.E.S.S.)

-25

Declination [deg]

-
=]

NGC 253

Declination (%)

-256.5

152 151 150 149 148 147 146 00h50m 00h48m 00h46m

Right ascension (%) Riaht A .
ight Ascension

Acciari+09, Nature 462, 770 Acero+09, Science 326, 1080

T. Mizuno et al. 16 /27
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<-ni Starburst Galaxies

lamma-ray
Space Telescope
/ p p

High gas density and star-formation rate

Detected by H.E.S.S. (NGC 253) and VERITAS (M82)
in TeV

Hard spectrum by Fermi+lACT

-4 -4
10 F Ms2 10 E NGC253
C 4+ VERITAS 2009 » 4 H.E.S.S. 2009 (r=2.0-3.0)
------- Blom et al. 1999 - -------- Paglione et al. 1996
Persic et al. 2008 - Domingo, Torres 2005
--- de Cea et al. 2009 - ----—-— Rephaeli et al. 2009
- Best-fit PowerLaw | (=== Best-fit Power Law
1 0-5 - LAT Data 1 0'5 - #» LAT Data

. “re1.95
1 (Fermi
F fit PL)

E? dN/dE (MeV crZs-)
=
I
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=
I

G
|
=
|
o
o®
“

* r=2.2

1 I 1 L 1lilll - 1 L 11l 1 L 111l 1 L 11l 1 L 1iirln 1 L 11l
10°® .
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i
Energy (MeV)
Abdo+10, ApJL709, 152
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<--ni SB + Local Group Galaxies

lamma-ray
/ Space Telescope
\)

LMC, SMC and M31 detected by Fermi-LAT

Correlation between SFR and Ly over wide range in
galaxy properties.

* Ly less correlated with gas mass.

10° . : 10°

M82 L

. + NGC253 . NGC253 5

" 100 | "n 100

E == =

o o
o Milky Way ©

-— —

> 10 M33 ; > 10

= M31 0

o o

£ I £

E 1 LMC E

— L] |

SMC SMG ~ -
H -
0.1 ' ‘ 0.1 - ' ‘ !
0.1 1 10 100 0.01 0.1 1 10 100

Number of hydrogen atoms (1 066) SFR (Msol yr‘1)

Abdo+10, A&A 523, L2
(CA: Bechtol, Knodlseder, Martin)
T. Mizuno et al. 18/27
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Recent Update

star-formation rate and Ly

Fermi_CTAmeeting_2011-09.ppt

A sample of 69 is examined: confirm the relation between

 SFR-Ly relation and hard spectrum implies hadron calorimetry
— NB MW is escape limited SFR (M_yr)
— need theoretical work and future obs. 102 10" 1 10 102 10°
_I T |||||I| T T |||||I| T T |||||I| T T |||||I| T T |||||I| T T |||||I|
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T. Mizuno et al.
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=ani Fermi GRBs as of 2011-08-01

* In 3 years
— 682 GBM GRBs (345 in LAT FOV) ~0.6/day

— 32 LAT GRBs (19 with >10 photons >100 MeV) ~0.6/month
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11 months Fermi LAT count map g e T

Preliminary
T. Mizuno et al. 20/27
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«=ami SUMMary of LAT GRBs

Gamma ray

/ Space Telescope
\)

GRB Name GBM T390 N Pred. Evenﬂ HE Delayed Long Lived HEl Maximum Arrival time of the Redshift

(=100MeV, Onset? Emission? _ Energy (GeV) highest events (] 32 GRBS by LAT'
Trans.) I I (seconds since trigger) .
GRBOB0825C  Long 10 I | 0.6 28.3 - 19 with >10 YS
GRBOBOS16C  Long 188 132 16.5 4.35
GRB081006  Long 13 I I 0.8 18 - above 100 MeV
GRB0B1024B  Short 11 3.1 06 -
GRBO81207 Long LLE I - I - - - R M
: ost of GRBs show
GRB090217  Long 17 12 179.1
S | = = . delayed HE onset
GRB090328  Long o | | 25 261.7 0.736 and HE afterglow
GRBOS0510  Short 186 31.3 0.8 0.903
GRBO90531B  Short e | - | 1.6 1152 -
GRBO90626  Long LLE 2.1 1118 - o
GRBOS0S02B  Long ata | | 33.4 81.8 1.822 Some bursts have
GRBO90926  Long 249 I | 19.6 24.8 2.106 an extra spec‘l‘r'al
GRB091003  Long ~30 28 6.5 0.897
GRB091031 Long 15 | I 1.2 79.8 - ComPONeﬂT
GRB100116A  Long 14 131 296.4 -
GRB100225A Long we | . | - - -
GRB100325A  Long 6 19 71.4 -
GRB100414A  Long 27 | | 4.7 288.3 1.368
GRB100724B  Long 22 - I 0.2 61.8 -
GRB100728A  Long a I - 0.1 81.2 -
GRB100728A  Long LE | - | 0.1 81.2 -
GRB101014A  Long LLE - - - -
GRB101123A  Long LE | - I - - -
GRB110120A  Long 5 - 18 72.5 -
GRB110328B  Long we | - | 16 514.7 - .
GRB110428A  Long 17 26 148 - Prellmlnary
GRB110529A  Short e | . | - - .
GRB110625A  Long 12 24 272.4 -
GRB110721A  Long 29 | . | 1.7 0.7 0.38
GRB110731A  Long 65 L | 3.4 436.0 2.83

T. Mizuno et al. 21/27
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<=ani Common feature of GRBs

lamma-ray

G
Space Telescope
/ P p

T. Mizuno et al.

Delayed HE onset and
temporary extended emission
are commonly seen

Some GRBs show extra spectral

Flux [ph em™2 s™'

x 107%(> 100 MeV)
x 1 (50-300 keV)

Photon Index

—

GRB 080916C (long)

Abdo et al. 2009, Science 323, 1688

, +Nal,
1500 |- (8 keV-250 ke s o 3000

42000

ﬁ. 1000 |
15
Fl

Q - nu",
8 500 $ 41000 §

0

£ ' J1000
component (090510, 090902B, ; = '
E 200f i
090926A) - |
Wi e b e 1|63A1l-\v‘  —
3 —_— E 2 200fF 8% !
101 :i:_n_ +—(:>— € )1 E ol
100 f o o g i '
-1 i GBM ] g 19 i
0 1 7 £ ;‘E :
e | 'l_E_ el 2 :° i
-1.5F 3 | L
—2.0F —3 3 0 — : =
—25f i —- + ; g ot 111 e B )
-3.0F 1 T4 ] A . A
L I ] T8 (T T I s
. ;) ""'|1 — """'2 — """'3: = A » Timesiﬁ?:etrigger(s) & & 100
10 10 10 10
T=T,[s]

Delay in HE onset: 4-5 s
* LAT Aeff ~ 0.8m2 (<10-4 of CTA Aeff)
* Large Aeff is of great benefit to study extra component,

extended emission and quantum Gravity. 22/27
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. ~1 GRBIyr
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Prospect of GRB with CTA

* Energy threshold is important

Bouvier+11
(ICRC2011)

T. Mizuno et al.

0.3

Detection Efficiency
o
V)

o

MAGIC (optimistic)

(baseline)

—
lower Eth and larger Aeff

23/27

1.5

0.5

0

Detection Rate (yr-!)



/’

Fermi_CTAmeeting_2011-09.ppt

<=ami Caution on Detection Rate Estimate

lamma-ray

G
/ Space Telescope
\

 10% of GBM GRBs in LAT FOV are detected by LAT

— lower than expected (single PL), particularly in GeV
— GBM+LAT joint fit leads to softer 3

30 GBM-bright samples
undetected by LAT

e T T

| Preliminary
GBM+LAT GBM

-3.0 -2.8 -2.6 -2.4 -2.2 -2.0
High Energy Spectral Index ( )

-1.8

Connaughton+11 (ICRC2011)

T. Mizuno et al.

10

Number Of GRB/yr

All selected Burst

R QU Only bursts with Beta<-2 | .__|

_')

LIS & SR

10 10°
Number Of Photons Detected

Band+09, ApJ 701, 1673
24/27
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=ani. SNRS seen by Fermi-LAT

 ten 2FGL sources are now identified as, or associated with SNR
(# of possible association ~60)

« Hadronic scenario is usually favored

Tycho SNR Cygnus Loop RX J1713.7-3946

T. Mizuno et al. 25/27
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sermi RXJ1713.7-3946

Galnl“a'ray
Space Telescope
/ p p

 GeV y-ray excess above diffuse

emission correlates with TeV ys
- Broadband spectrum favors leptonic :
origin as the emission mechanism :
il
¥ - 20
3 15
§2
R =
2 10 g
=
o 5
% . | X . | . . . 1 . .
260.0 258.0 256.0
Right Ascension [J2000, deg]

Abdo+11, ApJ 734:28
T.Mizuno etal. (CA: Ackermann, Funk, Uchiyama)
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I"\-I\Illll
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—— Porter et al. 2006
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« 7L XERICEA. S EEE.
- MILDHEZ L DN
—~ RSN EHNY OFEL in Cygnus Region
— E X R ERATDSFR-Ly B %
— SNRDGeVITeVARY kL &gt iétE
c WFNETeVOT—ENEE
 GRBELCTANDHAFKXR. RFEH YICIETEE.

Thank you for your Attention
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« vy-ray excess fills the cavities carved by stellar
winds and ionization fronts

— likely interstellar origin
0.09 0.16 0.25 0.36 -6 -5:5 5 -4.8

Preliminary

T. Mi GLON (deq)

l
82 81 80 79 78 77 82 81 80 79 78 77
GLON (deg) 29/27
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<sami The Cygnus Region (Fermi)

lamma-ray
/ Space Telescope
\)

 Extended excess (>10 GeV) is revealed

emove i
Total > 10 Gey "€Mo Extended y Cygni| B
10 point sources removed
ISM emission e
5 —] -
,&}a 10.6
S oA -
5 (6amma-ray Image) (6amma-ray Image) | - 04
-5 (6amma-ray Image) - I
Preliminary 02
10 =
40
'15 | | I I I | I I I
85 80 75 85 80 75 85 80 75
Glon (deg) Glon (deg) Glon (deg)

T. Mizuno et al. 30/27
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=en M31 Morphology and Spectrum

aaaaaaa

Sp e Teles p

BG-subtracted LAT image
Contour: IRIS 100 um

17

M31 Spectrum vs.
normalized model of MW

-18

-19

10710
-20

-21

-22

Galactic latitude (deg)

-23

-24

E? dN/dE (erg cm? 5'1)

-25

-26

1000 10000 126 124 122 120 118 116
Energy (MeV) Galactic longitude (deg)

counts deg?

-20 -10 0 10 20 30 40

T. Mizuno et al. 31/27
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<=ami F|R-radio Relation
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« MW is nearly a CR electron

calorimeter,
into account

 Conversion eff.
~1% for protons

T. Mizuno et al.

if IC is taken
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. CR-induced Luminosity of MW
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jwm The Fermi Observatory (2008-)
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= Simulated CTA Performance
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Simulated CTA performance

CTA LST+MST optimistic .~ a Bouvier+11
of et 3 (ICRC2011)
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* CTA performance (Eff. Area + Bkg Rate) estimated from simple scaling of VERITAS performance
* CTA baseline: 4 LSTs (Ex= 25 GeV) + 25 MSTs
* CTA optimistic: 4 LSTs (Exm= 10 GeV) + 75 MSTs (+ 3 times lower bkg rate)

* Eth = Em(Zenith=0) x cos(Zenith)32
35/27
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«»sm LAT view of W44
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= LAT Spectrum & modeling
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